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Composite Tubing and Method of Manufacture thereof 



We. S:UiUEL A'looRE AND COMPANY, a Cor- 
poration organized and existing under the 
laws (jf the State of Ohio, United States of 
America, of Alantua, Portage County, State 
of Ohio, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement : — 

This invention relates to composite tubing 
and more particularly to reinforced, com- 
posite plastic tubing, for conveying pres- 
surized fluid. 

In our United Kingdom Patent Specifica- 
tion No. 930573 there is disclosed a compo- 
site plastic tubing comprising an inner tube 
of nylon, at least one layer of fibrous rein- 
forcing material disposed about ±e inner tube 
and forming a reinforcing member therefore, 
and an outer sheath of nylon covering the 
reinforcing material. Such a composite nylon 
tubing has a high strength and is useful in 
various applications in for example the earth 
moving and the spraying equipment fields, 
wherein relatively high hydraulic pressures 
are utilized for conveying fluid through oper- 
ating lines. However, this nylon tubing has 
certain disadvantages which stem primarily 
from the crystalline nature of the nylon resin. 

First of all, such tubing is somewhat less 
flexible t±ian what is desirable for pressure 
hoses at least for certain applications, and 
secondly, such tubing is subject somewhat to 
*'crimping" which once it has occurred in a 
lengtli of tubing, represents a permanent area 
of w^eakness on subsequent flexure of the tub- 
ing. 

The present invention aims to provide a 
high strength composite plastic mbing having 
a greater flexibility and resistance to "crimp" 
than the nylon tubing just mentioned. 

The invention accordingly provides a com- 
posite tubing comprising an inner tube of 
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extruded thermoplastic elastomeric polyure- 
thane material, at least one layer of fibrous 
material disposed about said inner tube and 
forming a reinforcing member, an elastomeric 
pol>airethane adhesive bonding said reinforc- 
ing member to said inner tube, and an outer 
sheath of extruded thermoplastic elastomeric 
poiyurethane material covering said reinforc- 
ing member, said adhesive bonding said outer 
sheath to said reinforcing member and to said 
inner tube. 

The invention includes also methods of 
manufaauring such tubing. 

The invention will now be further des- 
cribed with reference to the accompanying 
drawings which illustrate by way of example 
certain embodiments thereof together with a 
known tubing for comparison purposes. In the 
drawings: — 

Figure 1 is a partially sectioned and par- 
tially cutaway view of a composite tubing in 65 
accordance with the instant invention; 

Figure 2 is a transverse, cross sectional 
view taken generally along the plane of line 
2 — 2 of Figure 1, looking in the direaion 
of the arrows; 

Figure 3 is a more or less diagrammatic 
top plan view of apparatus for producing the 
inner tube of the composite tubing of Figures 
1 and 2; 

Figure 4 is a more or less diagrammatic 
side elevational view of apparatus for taking 
the inner tube produced by the apparatus of 
Figure 3, and applying an adhesive thereto^ 
and then applying, such as by braiding, rein- 
forcing material about such inner tube, and 
resulting in bonding of the reinforcing material 
to the inner tube; 

Figure 5 is a more or less diagrammatic top 
plan view of apparatus for taking the inner 
tube with the reinforcing material adhered 
thereto, from a payoff reel, and extruding 
thereover the outer sheath of elastomeric poly- 
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urcrhane marerivTl, to form the bended com- 
posite tubing product of the invention; 

Figures 6, 7 and S are respectively viev/s 
of a knov/n composite plastic tubing iomicd 
from an inner tube of nylon, intermediate 
braided reinforcing material, and an outer 
nylon sheath, and v,-ith such uibing being 
dispGszd in respcaively a straight line or 
a>dal condition, a partially bent condition 
and more fully bent ccndition; 

Figure 6A is a liighly magnified sectional 
illustration of the condition of the layers of 
tile materials forming the com.posite tubing 
of Fig^jres 6 to 8 v/hen the laner uibing is in 
tlie straight line condition of Figure 6; 

Figures 7A and 7u are views similar X'j 
that of Figure 6A, but illustrating the condi- 
tion of the la^'ers when the tubing :s in the 
Figure 7 partially bent condition, v/ith Figure 
7 A being taken from the top side of the 
Figure 7 tubing, v/hile Figi:re 7B is taken 
from the underside of the Figure 7 tubing; 

Figures SA and SB are views similar to 
7 A nnr! 7R. rp<;rtprn'vf 1 V. but illus- 
trate the condition of the layers when tlie 
tubing is in the Figure S condition; 

Figures 9, 10 and 11 are viev/s corres- 
ponding to those of Figures 6, 7 and 8, res- 
pectively, but showing tlie sam^e condition of 
a composite plastic tubing formed in accor- 
dance v/ith the present invention; and 

Figures 9A, lOA, lOB, UA and IIB 
are m.agnified views cf tlie Figures 9 tc 11 
tubings and ccrrespcnd generally to- Figures 
6A, 7A, 7B, 8A and SB/respectively. 

Figures 1 and 2 of the drawings sii::w a 
piece of plastic ccmrposite tubing T, cam- 
prising an' inner tube 10 formed of extruded 
thermoplastic el as torn eric palyurediane, such 
inner rube being adapted to cany tl^e flov/ of 
fluid therethrough. Surrounding the inner 
tube is a fibrous reinforcing sleeve member 
12 comprising a plurality of strands cr "yarns'' 
14 v/hich in the embodijnent illustrated have 
been machine braided about the inner tube> 
usinG: a regular v/eave. An elastomeric poly- 
urethane adhesive 15 (formulated as v/:li be 
described) is utilized, which adhesive encap- 
sulates the strands cf the reinfcrcin^:^ materiaU 
and bonds the reinforcing sleeve member to 
the inner tube. Scperimposed over tlie rem- 
f o r c i n g s 1 c e \' e member 12 is- an e x t re d c d > 
cuter ^sheath 16 of thermoplastic elast.:vnreric 
pclyurethanCj which is bonded to the reink rc- 
ing' material and to the inner tube by ^the 
aforementioned layer of elastomeric adhesive; 
this arrangement provides a high strength 
composite tubing possessing very good flexi- 
bility and crimp resistance. 

The extrudible thermoplastic polyurethane 



pounds are chemically the reaction products 
of a hydroxy terminated polyester with di- 
phenylmethaue diisocyanate, lo form a pre- 
p(^lvni:r which is ti:cn chain extended with 
a polvhydraxy comprund to produce a cured 
resin.' The proportions of "Tcxin" used to 
form the blended polyureihane elastomer for 
b;nh the inner tube 10 and the outer sheath 
16 m a V be \' a r ; e d over a r a n £j e oi' 20", 
*^Texin'4S0A" and SO'. "Texin 355D'' to 
SO ^'Texin 4S0A'' and 20 , "Texin 355D'\ 
A propcrtion that has been found to be especi- 
ally satisfactory has been a b'end of 60 \ 
"Texin ?55D'^ and 40' . "Texin 4S0A". 

The properties of "Tcxin 4S0A" are gener- 
ailv as follows: 

Tensile strength in n.s.i. 7rKK) 
Elcn^atif'sn. percent 6(X) 
Hardeners-Shore 80^ 
Tl-e corrcpondinix properties for "Texin 
355D" are: 

Tensile strength, p.s.i. 4000 
Fl enfrativ^n. percent 250 
Hardness-Shore 55 
The strands or "yarns'' of the rem.forcing 
sleeve member 12 are preferably composed of 
polyester lilaments. such as poly '^alkylcne 
terephthalate", ester fibre or more specifically 
polv ''e'hvlere t jrir'^-'M^are' ester lihre, corn- 
no nly avaihib'e under tlie Registered Trade 
Mark "Dacron", or of polyamide lilaments, 
sueii as Nylon. The individual strands or 
"yarns"' are' preferably of the fioss-type with 
each formed of a substantial plurality of fila- 
ments IS ^;Figures 6 to IIB which are niov- 
abie with respect to one another. Oihcr higli- 
strenc;:h l?bre materials may be used for the 
reinforcing sleeve, such as high tenacity rayon. 
The s:rands or "yarns'"* 14 are disposed in 
tensioned relation about the inner tube^ there- 
by minimizing volumetric expansion of the 
c:mrcrite tubing during the convesnng of 
flu^'ds therethrcugh. 

The polyurethane adhcMve, which is used 
for encapsulating the reinfoicing braided 
sleeve member 12, and for bonding the latter 
to berh the inner tube 10 and to the outer 
slieath 16. preferably lias the following 
arnr.viiniate ccmoosition : 
■ Prepo]\7ner ' 8^.2 to 03.3 

Chain 'extender 5.6 to ' . 

Catalyst 1.0 to 1.2 ■ 

Ti:e preferred ]^repolymer for the above 
m.:::i(^:icd adhesive conn^osition is known, 
commereially as "Adiprene LlOO'* ^"Adi- 
prene'' is a' Rec^isrered Trade Mark which 
is a product of the F.I. Dupont Chemical 
Corporation. 

The prelerred chain extender is known 
co^imerciailv as "''Moca'' and which :< ai^ain 
- — FT n-n,.-r Thi^ "\Wa" 
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bimilar effect. Examples of some of such orr.er 
dibajiic r.cids which could be used as catalysts 
are oxc'-'c, malonic, succinic, glutaric, scbacic, 
etc. ihc adhesive, being a two-part catalyzed 

5 -syst^Ti, has a relatively short pot hfe, and 
therefore h preferably mixed within a few 
m.inutcb before application to the hose. App Il- 
ea u' on of the la Iter adhesive will be herein- 
after described in greater derail. 

10 In its iinal cured state, the adhesive physic- 
ally encloses or encapsulates the individual 
strand:i or ''yarns of the sleeve mcm,ber, and 
the elasiicity and flexibility of the adhesive 
control the degree cf morion and slippage 

1^ of the filaments. 

Another adhesive vrhich may be utilized in 
the production of the composite plastic tubing 
of the invention and v/hich gives satisfactory 
results consists of approximately 65^'. by 

20 v;eight of ''¥66'% 30'::, by u^eight of '^Nalco 
1718'% and approximately 5';r. tall oil. "F66" 
is a prepolyrner similar in certain respect to 
'^Adiprene LI 00" bur manufactured bv the 
Mobay Chemical Co. "Nalco 1718" is a poly- 
hydroxic compound manufacmred by the 
Xational Alum in ate Co. 

In the mixture of the adhesive materials, 
the prepolymer is actually the basis or back- 
bone of the cured polymer. It is called a prc- 

30 polymer because it is a partially pciymerized 
material consisting of two monomeric sub- 
stances. However, its molecular weight is such 
that it is still in a liquid state and does not 
resemble a cured plasric. When the chain ex- 

35 tender and the catalyst are added to the pre- 
polymer^ the length of the chain is increased 
which in turn increases the molecular weight 
of the plastic compound such that it becomes 
a solid havin:g the properties desired. It is 

-^0 believed that a small amount cf cress linlung 
between the backbone chains does occur, 
though the am cunt of cross linking must be 
very sm.all or else the polymier w^ould turn into 
an insoluble and infusible m.ass without the 

15 flexibility and elasticity required to control 
the slippage of the Individual filaments within 
each strand. 

The outer sheath of ihe composite plastic 
hose is formed of the same general composi- 

50 tion as utilised in the production cf the inner 
tube of the composite hose. 

The wall thicknesses of the respective sec- 
tions of material forming the composite tub- 
ing of the invention have been found to be 

55 preferably as follows: For a ^ inch internal 
diameter hose, the wall thickness cf the inner 
tube 10 should preferably be wdrhin the range 
of .030 to ,050 inches and with such size 
of tubing, the preferable thickness of the outer 

60 sheath 16 should be wdthin the range of .025 
to .040 inches. The apprO'ximate overall 
dimension or thickness of the wall cf the 
composite tubing is preferably from about 
.090 inches to .125 inches. Tliis thickness, of 

63 course, presupposes an integral construction 




v/ith ihz various componenrs cf the v.'aii held 
or bonded together by the elastomeric adlie- 
sive material 15. 

Figure 3 di a grammatically shows apparatus 
for producing the inner tube 10 of the com- 70 
posite tubing. Such inner tube is form_ed by 
ex'trusicn, and the extrusion of such inner tube 
With its relatively thin w^all may present sup- 
port problems, and therefore an internal air 
pressure cf predetermined value is maintained 75 
in the tubing as it is extruded from the cross 
head 23 of exitrusion machine 24. 

The extrusion machine may be of a more or 
less conventional type^ but embodying a hop- 
per drier unit 26, and extrusion mechanism SO 
28 w^hich forces the heated polyurethane 
material out cf the die orihce 29 of the head. 
An internal air pressure control unit ('not 
shown) vv'hich is known in the art, may be 
provided for maintaining the aforementioned 85 
air pressure interiorly of the inner tube, as 
it is extruded from the head. Reference may 
be had to United States Patent Specification 
No. 3 T 59,1 S3, in which there is a disclosure 
cf an air control unit and associated mecha- 90 
nism, for applying internal air pressiure to a 
plastic tube during the extrusion thereof. 

From head 23, the length of extruded inner 
tube is mcv^ed through a relatively short water 
bath 30 for quenching the hot tube, and thus 95 
substantially ''setting" it and thereby prevent- 
ing subsequent elongation or stretching. The 
tube may be taken from rhe v/ater bath 30 
by means of any suitable haul -off device 36, 
which may be of the laiowm pov/ered cater- 10^^ 
pillar type, and it is tlien moved into a 
second v/ater tank 33 for further cooling. 
After leaving the bath 38, the tubing is wound 
upon a reel mechanism 40 c^f conventional 
construction. 105 

Referring now to Figure 4, a reel 42 cf the 
extruded elastomeric polyurethane inner tub- 
ing 10 is mounted on a payoff stand 44 of 
conventional type, as for instance illustrated 
in the aforementioned United States Patent 110 
Specification No. 3459,183; the tubing is 
passed through an adhesive apphcator 46 
which, as illustrated in Figure 4, m,ay embody 
a funnel portion 46^?. Reference may be had 
to the aforementioned United States patent 11' 
specification for a more detailed description 
of a suitable applicator. The tubing may be 
then passed through a conventional drier unit 
4S which for instance, by use of hot air, may- 
expedite the ''geUing" of the adhesive material 120 
on tlie inner tube to aid in the ''setting" of the 
adhesive layer 15 on the inner tube. How- 
ever, the drier unit may be eliminated as it is 
not absolutely necessary when the adhei?ive is 
of the composition above described. 1^5 

From the drier 48, the adhesive coated 
inner tube may be passed to a braiding mecha- 
nism 50 which may be of any conventional 
type, many of which are known in the tubing 
art. After the inner tube has been braided 130 
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Willi cne or more Uiyers of reinforcing 
material, it is wound upon a reel 54 for tur- 
ther haiidlLn?^. The inner tubing, instead ot 
Djin- nrcvidjd v/irh a braided layer of rein- 
forcing material, could be provided with a 
ser\'ed or taped ty^e of reinforcement, it being 
understood Vhat there are m.any mechanisms 
available in the tubing art for applying sv.ch 
taped or sen-ed reinforcement to ib.e extei'ior 
a tubing. The only requirement is iha: the 
taped reinforcement comprise strands or 
"yarns" of mukiple filaments 18, as des- 
cribed above. 

By subjectin:; the tubing to the drier 4S 
for the correct period of time ;\vhich may 
be relatively short such as approximately 15 
seconds to^ two minutes^, berweea the appli- 
cation of the adhesive to the inner tube and 
the application of tlie reinforcing m.aterial to 
the adhesive, the liquid adhesive can be 
brou2:ht to a gel state at the time the rein- 
forcing; material is applied over it. The adhe- 
sive w^ill reach the fully cured state on merely 
trnndi'n^ nt room tcmcerature for a period of 
24 to 72 hours. Hcweven by exposing the 
composite tubing to an elevated temperat^are, 
such as for instance from 150^ F. to 250" F, 
from S to 24 hours., the care m.ay be hastened. 

The visccsity of the adhesive durinz its 
anph'cation to the inner core may be v.'ithin 
the range of ICOO to 100,000 cenripoises, the 
preferred range being from 50GO to 2,000 
centipcLses. The adhesive is applied t<^/|]5 
inner tube at a temperature of from 70^ F. 
to 225 ' F. with a preferred temperature range 
of 125^ F. tO' ZUtJ"" 1". 1 he adhebive, because 
of its viscosity, is not absorbed into the 
^trands 14. but encapsulates such strands, and 
may pass thrcuc^h the interstices between them. 
After the reinforcing sleeve member has been 
UT:plied to the inner tube, and before the 
adhesive material has cmred, or in other words 
relatively shortly after application ot the 
braid 12, the braided and adhesive coated 
inner tube is taken to an extruder for appli- 
cation of the outer sheath thereto-. 

Referring to Figure 5, there is shovm a 
payofr sitand 6G carr\ang a reel 54 from which 
braided tubing is fed through an adhe^'ive 
applicator mechanism 62, which may be dcs- 
rnbed in connecrion witli Figure 4. and which 
caats braided tubing, wnth a hqu'd pclyure- 
thane elasto.meric adhesive. From applicator 
62 the tubing pa:T^es through a conventionaU 
blower cpera^ted air drier unit 66, 

A tension device 70, which may be ot 
the conventional wheel t>-pe, may be provided 
for maintaining a constant tension on the 
braided and adhesive coated tubing as it is 
pulled off the payolf reel 54. The tubing may 



the tubing a^ it pa'-^ses through the cross head 
73 of extruder mechanism 74, which extruder 
meclianism is adapted for applying the outer 
sheath 16 of clastomeric polyureihane material. 

Fxtruder mechanism 74 includes a drier 
hopper unit 76 for drying the elastomeric 
poKairethane material prior to extrusion there- 
of onto the tubing. This pre-drving prctcr- 
ably occurs lor a minim. um or one hour at 
approximately 200 F. At head 73 of the 
extruder mechanism 74, the outer sheath 16 
is applied to the tubing and is adhered by the 
adhesive coating 15 encapsulating the rein- 
fcrcini sleeve member 12 of the tubing. 

From extruder head 73, the sheathed tubing 
is passed through a water bath SO which 
quenches and cools the heated tubing. Haul 
off mechanism 82, which may be of the cater- 
pillar type, draws the tubing from the water 
bath SO and from the cxtnider head 73. 

Tiic tubing is then passed through a conven- 
tional marking mechanism 84 which is well 
kncwn in the^ art for applying a trademark 
and/or other identifying indicia to the sheath 
ot the tubing pToduet. The tubing is then 
wound upon^i reel 86 of coiler mechanism 
88, and niay be stored for subsequent use or 
shipping. As mentioned above, the adhesive 
will reach a hnally cured state on standing at 
room temperature for a period of from 24 to 
72 hours, or the cure may be hastened by the 
use of an elevated temperature exposure to 
the tubing, stich as for instance 150" to 250"' 
F. for a^period of from 8 to 24 hours. 

Once the manufacturing process has been 
^,oir u.^ n cnhctn Tit TO IKr niiromnric 

OtUXLV-^i, -It- liitvY t-'v- V* ^k-..-^^* _T 

process where:n all of the above-described 
apparatuses operate continuously. It wiU^ be 
seen, therefore, that even though the various 
apparatuses l-ave been illustrated and des- 
cribed in more or less sectional groups, com- 
prising hrst the production of the inner core 
10 and then the production of the braided or 
reinforcing material 12 bonded to the inner 
core, and then the production of the outer 
sheatli 16 bcmded to the reinforcing material 
of the tubing, the process could be performed 
in one C(^nt:nuous straight lined arrangement. 

Referring! now to Figures 6 to IIB inclu- 
sive, Figures 6 w 8 and Figures 6\ to SB, 
show various conditions oi' a knowm plastic 
composite tubing X which is illustrated for the 
purpi sc of contrasting it with the tubing accor- 
din:z to the present invention. This tubing X 
comprises an extruded nylon inner tube 90,^ a 
braider layer of hbrous reinforcing material 
92 disposed in generally tensioned relation 
around the inner tube, and an outer sheath 94 
(if extruded nylon material encasing the 
inner tube and reinforcing material. This tub- 
incT i^ di^^C'''iM:d :n rur above-mentioned United 
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tlvj nylon inner tube 90 and of tho sheaih, 
by means of a dicmical :^clvent for nylon. 
Some iuoh niaierials which may funcrioiL in 
i::!s capa:::ty arc phenol, various cre^ols, cre- 

5 sylic acid, or solutions or resorcinol. These 
materials creai-j a gen.crally soft, sticky con- 
dirion on the :airf;\ce of the nylon, and' when 
rhe braid is o.ppiicd under tension^ it tends to 
bury irselt into the confronting soft surface 

10 layer of nylon, which actually is nylon in 
sokitiGn, and when the solvent evaporates there 
is a hrm joininf:; of the braid to- the surface 
of the nylon. Plowever, the braid is generally 
inmiobiiized under these conditions, and it is 

15 not free to^ ilex in tension or compression when 
the tubins^ is bent, since the dissolved nylon 
has generally penetrated the strands 14 and 
substantially immobilized the filaments there- 
of. 

20 As can be seen from Figure 6 A, the indi- 
vidual strands or "yarns" 14 of strengthening 
material comprise a multitude of filaments 18, 
such as for instance a 1100 denier Dacrcn 
yarn; these strands or '"'yarns" 14 are effec- 
tively embedded fn both the inner tube 90 
and the outer sheath 94 due to the action of 
the solvent. Upon partial bending of such a 
composite tubing, as shov/n. for instance, in 
Figures 7, 7A and 7B, rhe strands on the 

30 upper and undersides of the tubing, are put 
under tension and compression respectively, 
and the cross-sections of these strands may 
become distorted as shown; since the outer 
hlamcnts of each yarn are em.bedded in inti- 

3> mate contact with the confronting crystalline 
nylon materiaU and the hlaments are gener- 
ally immobilized against movement with res- 
pect to one another, such filaments are 
stretciied and distorted out of normal position 

40 with respect to the other filaments of the 
respective 3^am or strand, and the hose assumes 
a slight oval shape in cross section. This is 
primarily because rhe filaments of each strand 
are not readily movable, but instead are inimo- 

45 bilized by being embedded in the adjacent 
nylon material, and tlie filaments are immo- 
bilized by the penetration of the solvent into 
the strands. 

A greater bend of the tubing X is showm in 

"'^ Figures 8, 8A and SB; because the filaments 
18 of strands 14 have substantially no longi- 
tudinal slide with respect to one another, and 
the fused structure prevents compression of 
the strands or yarn without inducing a linear 

55 pull wi± regard to the inner rube 90, a crimp- 
ing force is induced in the tubing, and the 
latter crimps, as at 100, to cause a more or 
less permanent area of creasing to- be induced 
in the tubing. At this area future failure of 

CO the tubing may occur. 

Now referring to Figures 9 to IIB, in the 
straight condition of a piece of tubing of the 
present invention, it will be seen that the 
"yarns" or strands 14 of the braided material 

65 are of generally circular configuration, and are 



completely encapsulated in the eiastomeric 
p:Iyurethane adiiesive layer 15. Upon partial 
bending of the elastic tubing, as shown in 
Figures 10, lOA and li;E, the "yarn'' cross 
.:.ctKn5 becom.e longitudinal ellipses on the 70 
upper side of the hose (Figure lOA;,, as the 
filaments 18 move in an orderly manner with 
regard to one another due to the ncn-penetra- 
t.on of the adhesive and also to- the elasticity 
ol the^polyurethane adhesive layer 15 and the 75 
elasticity of the iimer tube 10 and outer 
sheath 16; and on the lov/er side, such "yarn" 
cross sections form a generally vertically ellip- 
tical condition 'Figure lOB'j, due to compres- 
sion forces on that side. Since rhe strands or 8C 
"yarns" 14 are encapsulated or embedded in 
the eiastomeric adhesive, and the adhesive 
gives v/ith the compression and tension of the 
tubing, and the filaments of each strand or 
"varn" 14 are generally free to move with 85 
lespect to one anodier, the strands or "yarns" 
14 in an orderly m.anner absorb the forces 
applied to the tubing wall. 

Upon greater flexure of the tubing, as shown 
in Figure 11, the hiaments slide in a more 90 
or less circumferential direction with respect 
to- the core tubing, and longitudinally with 
regard to the respective strand, and thus form 
greater elliptical ccniiguraiions of cross-sec- 
tion, as shcv/n in the enlarged sections, 95 
(Figures llA and IIB) of such view, without 
crimping occurring. 

Tests have been performed on tJie com- 
posite tubing of the invention as compared to 
the composite plastic tubing X. Samples of 100 
one-quarter inch and tliree-eights inch inter- 
nal diameter of each of the two forms of 
tubing were supported in a flexing test device, 
and each sample v/as bent to U- shape having 
approximately one and a half inch radius^. 103 
With the composite tubing X a force of 12 to 
14 pounds was reqtiircd to bend the one- 
quarter inch internal diameter sample. The 
same ^size of hose in the pol^oirethane con- 
struction of tlie present application required ilO 
nierely a force of 5 to 7 pounds. In a three- 
eights inch internal diameter hose of the tub- 
ing X, a force of 22 to 25 pounds was re- 
quired. Wiih the pchoirethane tubing of the 
present invention, only 14 to 16 pounds of 115 
force was required. It will be seen therefore 
that the tubing of the present invention has 
considerably greater flexibility as compared 
to composite plastic tubing X. 

Also, the crimp resistan\:e of the tubing of 120 
the present invention was compared with that 
of the above des'cribed nylon construction, and 
it was found that in a six inch long piece of 
the one-quarter inch internal diameter nylon 
tubing, which was bent into a U, a kink or 125 
crimp appeared in the tubing upon movement 
of the ends of die tubing within three inches 
of cne another. In one-quarter inch internal 
diameter pohoirethane tubing of the present 
inventionj no kinks whatsoever appeared in 130 



BNSDOCID: <GB 1030207A> 




10 



15 



ihj tubing even when tiie ends were bcni inio 
contact. 

The notch sensitivity of the tubing oi" the 
present invention is much lower than th:u of, 
■ior instance, the composite nylon lubing 
abcve-de^cribed, because nylon is e::tKme[y 
sensitive to notching, especially v/hen dry. 
Testi comparing the burst strengih cf tlie 
poI\"jretliane tubing of the present mventK^n 
with that of the nylon tubing showed th^iu to 
be about equal. It'will be seen, therefore, that 
riie tubing of the present application while 
possessing such greater flexibility and resis- 
tance to crimp than the nylon tubing des- 
cribed,- has the same strengtii characteristics as 
the nylon tubing. 

WHAT WE CLAIM IS : — 

1. A composite tubing comprising an inner 
tube of extruded thermoplastic elasiomeric 

20 polyurethane material, at least one layer of 
iibrous material disposed about said inner tube 
and forming a reinforcing mem.ber, an elasto- 
meric pol^airethane adhesive bonding said re- 
mlorcmg member to said inner tube-, and an 
outer sheath of extruded thermoplastic elas- 
tomeric polyurethane material covering said 
reinforcing member, said adhesive bending 
said outer sheath to said reinforcing member 
and to said inner tube. 

2. A composite tubing comprising an inner 
tube of extruded diermoplastic elastomeric 
polyurediane material, a plurality of strands 
disposed about the inner tube and forming a 
reinforcing member therefor each strand in- 
cluding" a multiplicity of separate flt.Tfit^nTs. nn 
elastomeric pci^mrethane adJicsive bonding 
said reinforcing member to said inner tube, 
and an outer sheath of extruded thermo- 
plastic elastomeric pol}Tirethane covering said 
reinforcing member, said adhesive bonding 
said outer sheath to said reinforcing member 
and to said inner tube and encapsulating the 
birands while permitting controlled movement 
of inner filaments of each strand v/ithin its 
respecdvc adhesive envelope, 

3. A composite tubing as claimed in Claim 
1 or Claim 2, w^herein said adhesive is formed 
from a prcpolymcr, a chain extender, and a 
reaction catalyst. 

4. A composite tubing as claimed in Claim 
3, wherein the prepolymier, chain extender and 
reaction catalyst form by weight respectively 
89.2 to 93.3';;., 5.6 to 9.8^;;,, and 1.0 lo 
1.2*:;, of the adhesive. 

5. A composite tubing as claimed in any of 
the preceding claims, wherein said strands 
are of a floss-type. 
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6. A composite tubing as claimed in Claim 
5, v/IiCrein said strands are formed of poly- 
ester filaments. 

7. A compv^sire tubing as claimed in Claim 
5, VrT.ei'c.'n ^aid ^irandb are formed of poly- 
amide hlarnenis. 

A CO nip 0- he tubing as claimed in any 
of t::e preceding claims, wherein the wall 
tiii^'kne-es of said inner tube and s.tid outer 
sheath are approxi!r;atciy equal. 

9. A compo:^:Le tubing as claimed in any of 
the preceding claims, wherein The wall thick- 
ness oi said inner tube is within the range of 
.03 to .050 inch and the wall thickness of said 
outer sheaih is within the range of .025 to 
.040 inch, and the composite wall thickness 
of said tubing is within the range of .090 
to .125 inch. 

10. A method cf making a composite tub- 
ing as claimed in Claim 1, or in Claim 2, 
comprising the steps of forming an inner 
tube of extruded the miopias tic elastomeric 
pohoirethane material, applying a liquid layer 
of elastomeric polyurethane adhesive to the 
inner tube, cuLisnig the vidhesive laycr to gci> 
applying a laycr of hbrous material about the 
inner tube and upon the gefcd adhesive layer 
to form a reinforcing member which is encap- 
sulated in the adhesive and thereby bonded 
to the inner tube, and forming an outer sheath 
of extruded thermoplastic elastomeric poly- 
urediane material about the reinforcing mem- 
ber with the adliesive bonding said outer 
sheath lo said reinforcing member and said 
inner tube. 

11 A method according to Claim 10, where- 
in a further layer of liquid adhesive is applied 
to the reinforcino: member and wherein the 
furuier layer is \-aused to gel and where- 
in the outer sheath is extruded over said gelled 
further layer member. 

12. A method according to Claim 10 or 
to Claim 11, wherein tluid pressure is admit- 
ted into die interior of the inner tube under 
pressure whereby to keep it in non-collapsed 
condition during extrusion. 

13. The commosite tubing herein described 
widi reference to Figures 1 and 2 of the 
accoiupanying drawings. 

14. The method of making composite rubirLg 
lierein described with reference to Figures 3 
to 5 o\ the acctimpanying drawings. 
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